Abstract: Achnatherum inebrians, colloquially known as drunken horse grass, is associated with livestock toxicity in northern China. Epichloë gansuensis (Eg) was described from endophyte isolates from A. inebrians in Sunan County, Gansu Province, whereas a morphologically distinct variety, E. gansuensis var. inebrians (Ei), was described based on two isolates from A. inebrians seeds collected in Urumqi County, Xinjiang Province. Genome sequencing and alkaloid analyses also distinguish these taxa; the Ei isolates produce neurotropic lysergic acid amides (ergot alkaloids), and an Eg isolate produces paxilline (an indole-diterpene alkaloid). To better elucidate the taxonomic diversity of Epichloë spp. symbiotic with A. inebrians, we surveyed eight populations in Xinjiang, Gansu and Inner Mongolia provinces of China and analyzed their genotypes by multiplex PCR for alkaloid biosynthesis genes and mating-type genes. Genotypes consistent with Ei were present in all eight populations, of which they dominated seven. The Ei isolates were all mating type A and tested positive for the ergot alkaloid gene, dmaW. In contrast Eg isolates were all mating type B and had the indole-diterpene gene, idtG. The genome was sequenced from an Ei isolate from seeds collected in Xiahe County, Gansu, and compared to that of the varietal ex type isolate from Urumqi. Alkaloid genes and four different housekeeping genes were nearly identical between the two sequenced Ei isolates and were distinct from a sequenced Eg isolate. Phylogenetic analysis placed Ei, Eg and Epichloë sibirica into respective subclades of a clade that emanated from the base of the Epichloë phylogeny. Given its chemotypic, genotypic, morphological and phylogenetic distinctiveness, its widespread occurrence in rangelands of northern China, and its importance in livestock toxicity, we propose raising Ei to species rank as Epichloë inebrians.
INTRODUCTION
Drunken horse grass, Achnatherum inebrians ( in Chinese), a perennial bunchgrass native to northern China, is associated with livestock toxicosis (Miles et al. 1996 , Zhang et al. 2012 ). Toxicity of A. inebrians is thought to be caused by alkaloids produced by seed-transmitted symbiotic fungi (endophytes) (Ren 1959 , Miles et al. 1996 , Shi 1997 , Zhang et al. 2012 . This grass species is a known host for two related taxa of seedtransmissible endophytes, Epichloë gansuensis (C.J. Li & Nan) Schardl (Eg) (Li et al. 2004 ) and E. gansuensis var. inebrians (C.D. Moon & Schardl) Schardl (Ei) (Moon et al. 2007) .
Fungal endophytes belonging to Epichloë (Fr.) Tul. & C. Tul. (5 Neotyphodium A.E. Glenn, C.W. Bacon & Hanlin, anamorph synonym) are important bioprotective symbionts of many cool season grasses (Poaceae subfamily Poö ideae), including forage and turf grasses and wild grasses of meadows, woodlands and rangelands in temperate climatic zones. Epichloë species can benefit their host plants by enhancing tillering, root growth, nutrient acquisition, drought tolerance, resistance to root-parasitic nematodes and resistance to vertebrate and invertebrate herbivores (Malinowski and Belesky 2000 , Schardl et al. 2004 , Timper et al. 2005 , Schardl et al. 2013b . However livestock toxicosis is associated with alkaloids produced by symbiotic Epichloë species in several grasses worldwide, such as tall fescue (Lolium arundinaceum) (Lyons et al. 1986 ), perennial ryegrass (Lolium perenne) (Gallagher et al. 1981) , sleepygrass (Achnatherum robustum) (Petroski et al. 1992 , Shymanovich et al. 2014 , dronkgrass (Melica decumbens) (Gibbs-Russell and Ellis 1982), Poa huecu (Cabral et al. 1999 ) and drunken horse grass (Miles et al. 1996) .
Epichloë species are distinguished mainly by molecular phylogenetic relationships, host specificity, morphological variation, and alkaloid profiles (Schardl et al. 2012 . Four distinct classes of bioprotective alkaloids are known products of Epichloë species-peramine, lolines, indole-diterpenes and ergot alkaloids-and there is considerable structural variation within the latter three classes. Different grass-Epichloë symbioses have different combinations of alkaloids mainly correlated with presence or absence of functional alkaloid biosynthesis genes in the endophyte genomes, but sometimes also reflecting differences in expression of those genes (Schardl et al. 2013b) . Lolines , Bacetty et al. 2009 ) and peramine (Tanaka et al. 2005 ) are active against invertebrates, whereas ergot alkaloids (Schardl et al. 2006 , Potter et al. 2008 ) and indole-diterpenes (Saikia et al. 2008 ) are active against both insects and mammals.
Horses and other livestock fed or grazed on A. inebrians can exhibit depression, narcosis, lachrymation, muscle tremors and increased respiration and heart rates (Dang et al. 1992 , Miles et al. 1996 , Li et al. 2009 , Zhang et al. 2012 . These symptoms are attributed to very high ergonovine and ergine (lysergic acid amide) in A. inebrians plants symbiotic with Ei (Miles et al. 1996) , and genes required for biosynthesis of these ergot alkaloids have been identified in the genome sequence of Ei isolate e818 (Schardl et al. 2013b) . In contrast the genome sequence of Eg strain e7080 (5 CDM-2007b) includes genes for indolediterpenes but not ergot alkaloids, and analysis of A. inebrians symbiotic with Eg e7080 confirms its production of the indole-diterpene, paxilline (Schardl et al. 2013b) . In addition to their chemotypic differences Eg e7080 and Ei e818 have distinct morphologies in culture. For example, the former is among the fastest growing Epichloë taxa (Li et al. 2004 ) whereas the latter is among the slowest (Moon et al. 2007) .
To clarify diversity and investigate the population structures of endophytes in A. inebrians, we screened seed collections from eight populations in three provinces of China and characterized the endophytes based on alkaloid genes, mating types and in select cases assessed morphology in culture and determined phylogenetic relationships. Observing consistent differences between Eg and Ei isolates, we recognize Ei as a distinct species, Epichloë inebrians, below.
MATERIALS AND METHODS
Biological materials.-All A. inebrians seed collections and endophyte isolates are listed (TABLE I) . Seeds originated from eight natural populations in northern and northwestern China: one at Murengaole Sumu, Alxa, Inner Mongolia Province (AIM), three in Sunan County, Gansu Province (SNA, SNB and SNC), three in Xiahe County, Gansu Province (XHA, XHB and XHC) and one previously reported from Urumqi County, Xinjiang Province (URQ) (Miles et al. 1996) . Collections from populations AIM, SNA, SNB, SNC and XHC were from individual plants, whereas the XHA, XHB and URQ populations were sampled in bulk seed collections from multiple plants. In total 48 seed samples were collected from the eight populations. In addition two isolates from Japan were included for comparison, GR10140 (E.g.) and GR10156 (Epichloë sylvatica). These were collected from native or naturalized grasses (Enomoto et al. 1998 ) and were stored in NARO Livestock and Grassland Research Institute, Japan. The host plant of origin for GR10140 was Achnatherum pekinense (syn. A. extremorientale), collected in Hiroshima Prefecture. GR10156 was from Brachypodium sylvaticum collected in Shiga Prefecture.
Grass plants were grown in a greenhouse at University of Kentucky, Lexington. Seeds were germinated, and seedlings were planted in 50% soil mix (three parts Pro-mix Bx (Premier Horticulture) to one part sterile Murray silt loam top soil) and 50% sterile sand, and grown at 26 C during the day and 22 C at night with supplemental lighting (high pressure sodium at 140 000 lumens) as needed to provide 8 h light in winter, slowly increasing to 14 h light in summer.
Fungal isolates were cultured from A. inebrians seeds or plants grown from the seed samples as follows. Individual seeds or pseudostems (leaf-sheath whorls at the base of vegetative tillers) were surface disinfested Clay 1990, Moon et al. 2002) , and the seeds or pseudostem sections (approx. 5 mm) were placed on fresh potato dextrose agar (PDA) amended with antibiotics (0.1 mg/mL penicillin G potassium salt and 0.1 mg/mL streptomycin sulfate), incubated at 23 C, and examined periodically by eye and by microscope for the emergence of mycelium. The sample plates were incubated until hyphae appeared from the cut ends of the host tissues or from the seeds. Isolates from seeds and plants were subcultured and maintained on PDA at 23 C.
Genome sequencing.-All DNA and genome sequencing was conducted at the University of Kentucky Advanced Genetic Technologies Center. Genomic DNA was sequenced by 454-Titanium (Roche) pyrosequencing or Ion Torrent PGM (Life Technologies) as described by Schardl et al. (2013b Schardl et al. ( , 2013a . The genome of Ei isolate e818 (NCBI Bioproject PRJNA174039) was sequenced by a combination of pyrosequencing (approx. 780 nt read lengths, totaling 1590 million nt) and Ion Torrent sequencing (approx. 220 nt read lengths, totaling 1098 million nt) (Schardl et al. 2013b) , whereas the genome of another Ei isolate, e7478, was sequenced solely by Ion Torrent to a total of 965 million nt. Thus sequence coverage was approx. 90-fold for e818 and approx. 38-fold for e7478. Before assembly, Ion Torrent reads were trimmed of all base-calls after the first 230 bases. Genome sequences were assembled by Newbler Assembler 2.5.3 (Roche Diagnostics Corp./454 Life Sciences) or CLC Genome Workbench 8.0 (CLC Bio), with default parameters.
Gene sequences were manually annotated from available genome sequences (Schardl et al. 2013a (Schardl et al. , 2013b ) (www. endophyte.uky.edu) by comparison to homologs in related species. The GenBank accessions of the e818 ergot alkaloid biosynthesis gene clusters (EAS1 and EAS2) are JX072969 and JX273434 and the GenBank accession of the e7080 indole-diterpene gene cluster (IDT) is JN587271.
Phylogenetic analysis.-Housekeeping genes that were chosen for phylogenetic analysis encode translation elongation factor 1-a (tefA), b-tubulin (tubB and tubP) and the second largest subunit of RNA polymerase II (rpbB). GenBank accession numbers for the housekeeping genes are listed provided (SUPPLEMENTARY TABLE I ). Sequences of 59-portions of tubB genes in Epichloë species are provided with GenBank accession numbers (Leuchtmann et al. 2014 SUPPLEMENTARY TABLE I.) Phylogenetic analysis was conducted on the Phylogeny.fr website (Dereeper et al. 2008) as follows: Sequences were aligned with MUSCLE (Edgar 2004) without GBlocks curation, the phylogenetic trees were inferred with PhyML (Guindon and Gascuel 2003) , and branch support values were estimated by the approximate likelihood ratio (ALR) test (Anisimova and Gascuel 2006) with the SH-like option. Alignments and trees are available in TreeBASE (purl.org/ phylo/treebase/phylows/study/TB2:S16982).
DNA isolation from fungal isolates or symbiotic plant tissues.-Genomic DNA was isolated from pure cultures or grass pseudostems and used as templates for PCR. Total genomic DNA was isolated from lyophilized mycelium using the ZR fungal/bacterial DNA miniprep kit (Zymo Research) and quantified by fluorometry with Hoechst dye staining with a DyNA Quant 200 QubitH Fluorometer (Hoefer Inc.). Plant material (50-100 mg wet weight) was harvested from the tiller base, from which the outer leaf sheath was discarded. Each plant tissue sample was placed with a single bead (4.5 mm steel air-gun shot, Daisy 6000ct BB Ammo, Daisy Outdoor Products) into each well of a 96 deep-well plate. Tissue was disrupted with a TissueLyser II (QIAGEN, manufactured by Retsch Lab Equipment?) by two 1 min pulses of 900-1320 strokes/min. DNA was isolated with a MagAttract 96 DNA Plant Core kit (QIAGEN) and was not quantified before PCR.
Multiplex PCR.-Alkaloid biosynthesis gene fragments and housekeeping gene fragments were amplified from total genomic DNA extracted from fungal mycelia (20 ng DNA) or tillers (3 mL extract) by PCR with primer sets described (Takach et al. 2012 , Charlton et al. 2014 , plus the following pair of primers designed for the Ei e818 and Ei e7478 dmaW sequence: dmaW818(311+21)d (59-AAC CCA TCA ACG GAG CAA CTG-39) and dmaW818(1068+21)u (59-GCC AAA CAC TGT GAA ATA CAC CTG-39). Seeds and plant samples were screened with multiplex PCR (Takach and Young 2014) , and PCR mixtures included 13 Green GoTaq reaction buffer (Promega Corp.), 200 mM each deoxynucleoside triphosphate (dNTP), 200 nM each primer and 1 U GoTaq DNA polymerase (Promega Corp.). PCR amplifications were conducted under the following temperature conditions: an incubation at 94 C for 1 min; 30 cycles of 94 C for 15 s, 56 C for 30 s, and 72 C for 45 s; then a final incubation at 72 C for 10 min. Products were analyzed by agarose gel electrophoresis with ethidium bromide or GelGreen stain (Biotium Inc.).
RESULTS AND DISCUSSION
Genome sequence and alkaloid gene clusters.-Genome sequences were reported for Ei isolate e818 from the URQ site in Xinjiang Province, and Eg isolate e7080 from the SNB site in Gansu Province (Schardl et al. 2013b) . We sequenced the genome of another Ei isolate, e7478, which was from seed collected in the XHA site, Xiahe County, Gansu Province, approx. 1650 km from the URQ site. The assembled genome size of e7478, 25.4 Mb, was comparable to the 29.8 Mb genome of e818. Both the e818 and e7478 assemblies produced complete contigs for two gene clusters, EAS1 and EAS2 (FIG. 1) , which together contained all of the identifiable ergot alkaloid biosynthesis genes.
The two clusters of ergot alkaloid biosynthesis genes had 99.99% identity between the Ei e818 and Ei e7478 genome assemblies, exclusive of alignment gaps (FIG. 1) . Most alignment gaps were in noncoding sequences, but some single-base indels in coding sequences (one each in cloA exon 3, easC exon 2, easD exon 2, easF exon 2, lpsC exon 2), and perhaps some indels in noncoding sequences, may reflect sequence errors of the type we experienced with the early releases of Ion Torrent technology. Considering the frequency of such errors we chose not to publish the e7478 genome assembly because the e818 genome assembly seemed to be of high quality and an appropriate reference for the new species. In both genome assemblies the EAS1 cluster was adjacent to the chromosome end with a telomere repeat array located only one base from the cloA stop codon (FIG. 1) . Despite its location so close to the telomere, this gene was almost certainly functional considering that cloA is required for synthesis of lysergic acid (Haarmann et al. 2006) , which is the precursor of the lysergic acid amides that are the major ergot alkaloids produced by Ei (Ortel and Keller 2009) .
Both Ei e818 and Ei e7478 genome assemblies lacked IDT gene clusters sufficient to direct biosynthesis of indole-diterpenes. The IDT gene homologs in the two Ei isolates consisted of two pseudogenes, idtB Y and idtC Y , located proximal to the centromeric side of the EAS1 cluster (FIG. 1) , and an idtP gene very similar to that of Eg e7080, which in the e818 assembly was located near the middle of a different scaffold (Supercontig70) amid genes on either side that were unrelated to known IDT genes. In contrast Eg isolate e7080 possessed a cluster of IDT genes sufficient for the production of the indole-diterpene, paxilline, which is produced in A. inebrians-e7080 symbiota (Schardl et al. 2013b) . Like the EAS1 cluster of the Ei isolates, the IDT gene cluster of Eg e7080 was also close to a chromosome end, located 5 kb from a telomere (FIG. 1) .
Phylogenetic relationships.-In genome assemblies of Ei isolate e818, Ei isolate e7478 and Eg isolate e7080 only single copies were identified for tubB, tubP, tefA and rpbB, indicating that these isolates were all nonhybrid. For phylogenetic analysis the available sequences of intron-rich portions of tubB were collated from these isolates and all other nonhybrid Epichloë species, including other isolates from A. inebrians, an isolate from Achnatherum pekinense (collected in Japan), and isolates from A. sibiricum Mycologia myco-107-04-16.3d 5/6/15 10:34:02 4
FIG. 1. Structures of alkaloid gene clusters and associated alkaloids of Achnatherum inebrians endophytes. A. The ergot alkaloid (EAS) biosynthesis gene clusters in
Epichloë inebrians e818 and e7478, and structures of the most abundant ergot alkaloids detected in symbiota with E. inebrians (Miles et al. 1996) . B. The indole-diterpene (IDT) biosynthesis gene cluster in Epichloë gansuensis e7080 and the structure of paxilline, the most abundant indole-diterpene detected in symbiota with E. gansuensis e7080 (Schardl et al. 2013b (Zhang et al. 2010 , Li et al. 2015 . Also included were the two tubB gene copies in E. guerinii, which is an apparent hybrid of E. typhina and E. sibirica (Moon et al. 2007 , and as such the only known hybrid with an ancestor closely related to Ei and Eg. The tubB phylogeny (FIG. 2, SUPPLEMENTARY FIG. 1 ) indicated that the identical sequences from three Ei isolates constituted a well-supported clade that grouped in a trifurcation with two well-supported sister clades. One of its sister clades included only sequences from E. sibirica plus one of the tubB sequences from E. guerinii. The other sister clade grouped the isolate from A. pekinense with the Eg isolates from A. inebrians (Li et al. 2004 , Moon et al. 2007 ) and A. sibiricum. Thus Eg appeared to be more diverse in genotype and host range than Ei and E. sibirica. This finding and the recent report that Eg can form presexual stromata on A. sibiricum (Li et al. 2015 ) (mature stromata with perithecia have not been observed) suggest that Eg might be capable of horizontal transmission mediated by the conidia formed on those stromata (Li et al. 2015) .
To identify the root of the Epichloë tree we conducted a molecular phylogenomic study that included all known sexual Epichloë species and other Clavicipitaceae for which genomes have been sequenced, representing the genera Aciculosporium I. Miyake, Atkinsonella Diehl, Balansia Speg., Claviceps Tul., Metarhizium Sorokīn and Periglandula U. Steiner, E. Leistner & Leuchtm. In addition to the genome sequences reported (Gao et al. 2011; Schardl et al. 2013b Schardl et al. , 2013a Schardl et al. , 2014 , that of E. sylvatica GR10156 and those of two E. bromicola strains were added (NCBI Bioprojects PRJNA275112, PRJNA274994, PRJNA274992). Outgroups were homologs from Hypocrealean fungi of other families. Coding sequences were aligned and phylogenies inferred for tubB, tubP, tefA and rpbB.
The tefA tree (FIG. 3) and the others are available as (SUPPLEMENTARY FIGS. 2-4). The resulting trees differed in branching orders of clades corresponding to the various genera; In some trees, the three Claviceps species that were included did not group exclusively in a clade. However a consistent characteristic of the trees was that the root of the Epichloë clade separated the Eg/Ei clade from the others. The same basal relationship of the Eg/Ei clade was reported in the phylogenies of genes for MCM7 and other housekeeping proteins, with the split between this clade and the other Epichloë spp. estimated at approximately 7.2 Ma before present (Ambrose et al. 2014) . Although the homologous E. sibirica sequences were unavailable for these analyses, it seems likely from the phylogeny of tubB intron regions (FIG. 2) that they would group in the same clade as the Eg and Ei sequences. We conclude therefore that the three Epichloë species so far identified from Asian Achnatherum species represent a lineage that diverged from the other known Epichloë species early in evolution of the genus.
Diversity of endophytes of Achnatherum inebrians.-A previous study indicated several differences among A. inebrians endophytes from host populations sampled in Xinjiang Province and in Sunan County, Gansu Province with respect to growth rate and colony morphology (Moon et al. 2007 ), as well as alkaloid genes and alkaloid profiles (Schardl et al. 2013b ). Morphologically those from Sunan County fit the description of Neotyphodium gansuense (Li et al. 2004) , later renamed E. gansuensis ). Phylogenetic analysis indicated that the isolates from Xinjiang were closely related to the N. gansuense type, but were considered sufficiently different to be described as a distinct variety, N. gansuense var. inebrians (Moon et al. 2007 ), later renamed E. gansuensis var. inebrians ). To address whether this variety represents a population genetically isolated from Eg, we sampled A. inebrians seeds from several populations in Gansu and Inner Mongolia and compared their endophytes with isolates e818 from Xinjiang and e7080 from Gansu.
We sampled A. inebrians from seven sites distributed across Xiahe and Sunan counties, Gansu Province and in Alxa County, Inner Mongolia (TABLE I) . Plants were sampled individually at five of those sites: Sunan sites SNA, SNB and SNC, Xiahe site XHC, and Alxa site AIM. From each of those sites 5-13 plants were sampled, giving 45 samples. In the other two locations (Xiahe sites XHA, XHB) seeds from multiple plants were bulked. For each of the samples from individual plants, six seeds were planted, of which between 4-6 seeds from each sample grew, producing a total of 242 progeny plants. An additional 35 progeny plants were grown from the bulk seed collections XHA and XHB. All of the progeny plants were screened by multiplex PCR (SUPPLEMENTARY FIG. 5) . The endophyte infection frequency was remarkably high; 43 of the 45 samples gave rise to endophyte-symbiotic progeny plants and in 36 of those samples all progeny plants (n 5 190) tested positive for endophytes. Also, in analysis of the bulked samples XHA and XHB, 30 of the 35 progeny plants were endophyte-symbiotic.
For each seed sample except one (sample SNC-2), progeny plants had endophytes of identical genotype. Overall only two distinct endophyte genotypes were detected (TABLE II, SUPPLEMENTARY TABLE II) . One genotype was exemplified by the sequenced Ei isolate e818 and was the sole genotype identified in six of the eight populations. That genotype was mating type A, positive for the e818-related dmaW gene, and negative for idtG. The other genotype, exemplified by the sequenced Eg isolate e7080, was mating type B, negative for dmaW, and positive for idtG. This Eg e7080 genotype was rare outside the SNB population but also included isolate GR10140 from an A. pekinense plant sampled in Japan. Thus, although the Eg e7080 genotype was much less commonly Mycologia myco-107-04-16.3d 5/6/15 10:34:02 6
FIG. 2. Phylogeny of
Epichloë species based on alignment of tubB sequences. The sequences spanned the 59-portion of tubB including introns 1, 2 and 3. The tree is unrooted, but the midpoint is placed at the left edge. ALR support scores are on branches. Each leaf is labeled with the strain identification number and, where additional isolates had identical sequences, an asterisk is followed by the number of additional isolates with that sequence. Strains indicated in boldface are endophytes of A. inebrians that have had their genomes sequenced. Clades corresponding to Epichloë bromicola and to species in the E. typhina complex are collapsed into triangles to save space; the full tree is provided ( SUPPLEMENTARY FIG. 1) . The two gene copies in the hybrid endophyte, Epichloë guerinii, are named with single letter abbreviations of ancestral Epichloë species, E. sibiricum (s), and E. typhina (t).
sampled than the Ei e818 genotype, it was distributed nevertheless in populations separated by 2960 km. Although the negative PCR results cannot be considered a conclusive demonstration that all Eg isolates lacked dmaW and all Ei isolates lacked idtG, the consistency of the results within and across populations and in comparison with the sequenced genomes of e818, e7478 and e7080 suggest that every sampled A. inebrians endophyte fell into one of two distinct genotypes for which we designate Ei e818 and Eg e7080 as exemplars.
Sample SNC-2 was exceptional because both the Ei e818 and Eg e7080 genotypes were identified, the former in three progeny plants, and the latter in a single progeny plant. Finding multiple Epichloë genotypes in seeds from a single symbiotic plant is rare, probably because, whenever plants become coinfected, the endophytes efficiently segregate among the tillers (Wille et al. 1999 , Christensen et al. 2000 . It is possible that the SNC-2 plant with the e7080 genotype was from contamination of that seed sample either during collection or during planting (A. inebrians seeds are fine).
The two distinct genotypes were confirmed in analysis of cultured endophytes (TABLE III) . The Eg e7080 genotype was associated with fast-growing isolates morphologically consistent with the description of E. gansuensis (Li et al. 2004) , whereas the Ei e818 genotype was associated with extremely slowgrowing isolates morphologically consistent with the description of E. gansuensis var. inebrians (Moon et al. 2007) .
Extensive mating studies of Epichloë species indicate a bipolar mating system with two mating types that we designate A and B (previously mat-1 and mat-2 respectively; Leuchtmann and Schardl 1998). Therefore an interbreeding sexual population should have both mating types. We observed only mating type A from six of the eight sampled populations. Furthermore even in the other two populations SNB and SNC, all mating-type A endophytes, possessed dmaW and lacked idtG and all mating-type B endophytes lacked dmaW and possessed idtG, implying no recombination between mating types A and B in mixed populations. These results indicate that, at least in the host plant A. inebrians, Eg and Ei are asexual and clonal.
Conceivably Eg, Ei or both can complete a sexual cycle. However this seems to be a remote possibility for Ei considering that no stromata were observed either for Ei or for any other slow-growing Epichloë species (Moon et al. 2004 ). On the other hand expression of conidium-producing stromata, a prerequisite for the sexual cycle, has been observed occasionally on the related host species, A. sibiricum, when symbiotic with Eg (Li et al. 2015) . This and the identification of Eg from three different Achnatherum species suggest that some Eg strains may move plant to plant. Such mobility could be a function of conidia (Tadych et al. 2012; Li et al. 2015; Li 2014 No. 6284) or ascospores (Chung and Schardl 1997) formed on the stromata.
Conclusions.-This study of the diversity of endophytes in A. inebrians with their different alkaloid profiles might have important implications for FIG. 3 . Phylogeny of tefA coding sequences for Epichloë and related species. Gene-coding sequences were identified by manual annotation of sequenced genomes. The tree was inferred by maximum likelihood search using PhyML without GBlocks curation. The tree was rooted with Fusarium graminearum PH-1 as outgroup, and numbers on branches indicate ALR support. Boldface indicates isolates and branch support values relevant to the taxonomy and phylogenetic relationships of E. inebrians. The three gene copies in the hybrid endophyte, Epichloë coenophiala, are named with single-letter abbreviations of extant Epichloë species related to its three ancestors. management of grazing livestock on the grasslands of northern China. The moniker ''drunken horse grass'' is thought to be indicative of symptoms suffered by livestock after ingesting lysergic acid amides, the types of ergot alkaloids abundantly produced by Ei in symbio (Miles et al. 1996) . The consistent occurrence of dmaW genes in Ei isolates suggests that most or all produce ergot alkaloids. On the other hand the Eg genotypes indicate that they lack ergot alkaloids and instead produce indole-diterpenes such as paxilline, which have been observed in plants symbiotic with Eg e7080 (Schardl et al. 2013b) . Considering that indolediterpenes also have neurotropic activity in mammals (Munday-Finch et al. 1997 , Saikia et al. 2008 , it remains to be determined whether the Eg-symbiotic plants also can cause toxicosis.
The close phylogenomic relationship of slowgrowing isolates from two locations separated by 1650 km was in keeping with the distribution of morphologically and genetically similar isolates among widely separated populations of A. inebrians in China. These results and consideration of the importance of the A. inebrians-Ei symbiota in rangeland degradation and livestock toxicosis motivated us to assign species rank to Epichloë inebrians. Typification: CHINA, XINJIANG, Urumqi County, 43u359N 87u019E, 1800 m, infecting Achnatherum inebrians, 1993, K.F. Min, I. Fletcher, and P.S. Harris (holotype CUP 65636). Ex-type culture 5 e818 5 ATCC MYA-1228. GenBank accession number PRJNA174039 (e818 genome).
Diagnosis: See diagnosis for Neotyphodium gansuense var. inebrians C.D. Moon & Schardl, Moon et al. (2007) .
Specimens examined: TABLES I, III.
